Aims/hypothesis Prolonged exposure of rat beta cells to the insulin secretagogue glibenclamide has been found to induce a sustained increase in basal insulin synthesis. This effect was calcium-dependent and localised in cells that had been degranulated by the drug. Since it was blocked by the translation inhibitor cycloheximide, we examined whether sustained exposure to glibenclamide activates translational factors by calcium-dependent signalling pathways. Methods Purified rat beta cells were cultured with and without glibenclamide in the presence or absence of inhibitors of calcium-dependent signalling pathways before measurement of basal and stimulated protein and insulin synthesis, and assessment of abundance of (phosphorylated) translation factors.
functionally relevant, in particular for generating its doseresponse curves to glucose [1] . The intercellular differences in glucose sensitivity can be altered by culture at low or high glucose concentrations with subsequent changes in functional responsiveness [2] . This form of regulation also occurs in vivo as was recently shown in glibenclamidetreated rats [3] . A 2 day treatment with this sulfonylurea drug recruited a beta cell subpopulation into an elevated and sustained basal insulin synthetic activity and thus influenced the shape of the subsequent glucose doseresponse curve [3] . The glibenclamide-recruited beta cells were degranulated, indicating that they had also been activated for insulin secretion [3] . Glibenclamide induced similar effects when administered to beta cell cultures for 24 h but not for 2 h. The elevated rate of insulin synthesis was not associated with an increase in insulin mRNA content [3] , which was different from the studies of Yamato et al. [4, 5] showing enhanced insulin gene expression in rat islets following exposure to glibenclamide. It appeared to involve a calcium-dependent activation of translation; it was not seen at low extracellular calcium concentrations or in the presence of the calcium channel blocker verapamil or of the translation inhibitor cycloheximide [3] . Taken together, these observations indicate that the functional responsiveness of the pancreatic beta cell population at a particular time is influenced by the translational activity of the cells during the preceding day. They also demonstrate that glibenclamide, which is used for its acute stimulatory effect on insulin release, exerts additional effects after chronic exposure. In this regard, it was previously shown by Guiot et al. [6] that glibenclamide-treatment in vivo for 1 to 2 weeks increased pancreatic beta cell proliferation and beta cell mass in rats, although the mechanism was not addressed. Kwon et al. [7, 8] recently showed glibenclamideinduced calcium-dependent activation of mammalian target of rapamycin (mTOR) at basal glucose (3 mmol/l) and extended it to the ability of glibenclamide to stimulate mTOR-mediated DNA synthesis and cell cycle progression. Although it is known that mTOR signalling plays important roles in growth factor-and amino acid-induced protein translation [9, 10] , it is unclear whether it is also involved in glibenclamide-induced activation of translation. The present study investigates the mechanisms of the glibenclamideinduced translation activation. Protein translation is controlled by (de)phosphorylation of eukaryotic initiation factors (eIFs) and/or eukaryotic elongation factors (eEFs), which have been shown to regulate translation in many cell types [9] [10] [11] [12] [13] [14] [15] [16] following diverse signalling pathways, including calcium, mTOR, protein kinase A (PKA), protein kinase B (PKB), protein kinase C (PKC) and mitogenactivated protein kinase/extracellular signal-regulated kinase (ERK) kinases (MEKs) [10, 17, 18] . Most of these data, however, were collected during short-term activations, i.e. for minutes or a few hours, and have not been related to subsequent measurements of protein synthesis. Little is known about the existence of these mechanisms in beta cells, in particular with respect to their role in recruiting beta cells over a 24 h period into a higher state of biosynthetic activity. We selected four initiation/elongation factors, i.e. eIF2α, eIF 4E binding protein 1 (4E-BP1), ribosomal protein S6 (rpS6) and eEF2, and examined whether 24 h glibenclamide exposure activated these factors in parallel to bringing the cells into a state of sustained basal protein synthetic activity as reflected during a subsequent 1 h incubation in the absence of the drug. After finding that this was indeed the case, we investigated which signalling pathways were involved in the glibenclamide-induced translation activation by adding pathway-inhibitors to the 24 h culture period and assessing effects on the phosphorylation state of the translation factors as well as on basal protein synthetic activity during the subsequent 1 h assay. Microscopic identification of beta cells with phosphorylated rpS6 showed that only a subpopulation of beta cells had been activated, providing mechanistic support for the concept that the beta cell population is functionally heterogeneous.
Methods
Preparation and culture of purified rat beta cells Adult male Wistar rats were bred according to Belgian regulations on animal welfare. Pancreatic islets were isolated by collagenase digestion as described previously [19] . Islets were further dissociated into single cells in calcium-free medium containing trypsin and DNase [19] . Single beta cells were purified by autofluorescence-activated sorting, using cellular light-scatter and flavin adenine dinucleotideautofluorescence as discriminating parameters [19] .
Purified beta cells were suspended in Lux dishes (Miles, Naperville, IL, USA) containing 3 ml serum-free culture medium [3] , reaggregated for 2 h in a rotatory shaking incubator (Braun, Melsungen, Germany) and then further cultured under static conditions in standard CO 2 incubator (37°C, 95% air/5% CO 2 ). Culture medium was Ham's F10 (Invitrogen, Paisley, UK) containing 6 mmol/l glucose, supplemented with 0.075 mg/ml penicillin, 0.1 mg/ml streptomycin, 2 mmol/l L-glutamine, 0.5% (wt/vol.) bovine serum albumin pretreated with charcoal (BSA, fraction V; Sigma Chemical, St Louis, MO, USA) and calcium to 2 mmol/l. After overnight culture, rat beta cells were further cultured for 1 or 24 h at 6 mmol/l glucose with 4 μmol/l glibenclamide (MP Biomedicals, Eschwege, Germany) or for 24 h with different concentrations of the drug (0.04 to 4 μmol/l). In one series of experiments, inhibitors were added 1 h before 24 h glibenclamide treatment, i.e. mTOR inhibitor rapamycin (25 nmol/l; Cell Signaling Technology, Danvers, MA, USA), the calcium channel blocker verapamil (10 μmol/l; Knoll, Brussels, Belgium), PKA inhibitor 8Br-Rp-isomer (Rp-8-Br-cAMP; 100 μmol/l; Biolog, Bremen, Germany), PKC inhibitor GF109203X (0.1 to 10 μmol/l; Sigma) and MEK inhibitor U0126 (40 μmol/l; Cell Signaling Technology) and PD98059 (50 μmol/l; Calbiochem, San Diego, CA, USA). At the end of culture, cells were analysed for protein synthesis and abundance of translation factors. Beta cells were also cultured as a single unit in polylysine-coated chamber slides (Nalge Nunc International, Rochester, NY, USA) for subsequent immunocytochemical analysis. These culture conditions did not affect beta cell survival in the present study (Q. Wang and Z. Ling, unpublished observation), although a recent report showed that glibenclamide induced beta cell apoptosis in cultured human islets [20] .
Protein synthesis and abundance The rate of protein synthesis was measured in beta cell aggregates following their culture for 24 h as described above. Samples of 3×10 4 cells were incubated for 1 h in Ham's F10 medium at 0 or 10 mmol/l glucose without any drugs or inhibitors added, but in presence of 1.85 MBq L- [3,5- 3 H]tyrosine (GE Healthcare, Chalfont St Giles, UK). Basal and glucoseinducible protein and proinsulin synthesis were determined as previously described [21] .
Protein abundance was analysed in beta cell aggregates following the 24 h culture period or following the subsequent 1 h incubation. Samples of 2×10 5 Formaldehyde-fixed single beta cells were stained for DNA using Hoechst33342, for phospho-rpS6 and insulin (Biotrend, Cologne, Germany) using, respectively, Cy3-and Alexa Fluor488-labelled second antibodies (Invitrogen, Eugene, OR, USA). Fluorescence intensities were analysed by BD Pathway Bioimager using Attovision software (BD Biosciences, Rockville, MD, USA).
Statistical analysis Results were expressed as mean±SEM. Statistical significance of differences was calculated by ANOVA, using Newman-Keuls multiple comparison test.
Results
Glibenclamide-induced stimulation of protein translation in rat beta cells Consistent with our previous observation [3] , short-term culture (1 to 8 h) of rat beta cells with insulinreleasing concentrations of glibenclamide (4 μmol/l) did not influence their subsequent rates of protein synthesis (data not shown), while a 24 h exposure did. When cells treated for 24 h with glibenclamide were incubated for 1 h in a glucosefree medium, their total protein and insulin synthesis (defined as 'basal') was four-to sixfold higher than that in control cells cultured without the drug (Table 1) . This difference was not observed when the 1 h incubation was conducted at 10 mmol/l glucose (Table 1) , a concentration that is known to maximally stimulate protein and insulin synthesis [2, 21, 22] . Glibenclamide-pretreatment thus recruits beta cells into a higher basal activity that is maintained in absence of extracellular glucose; this effect does not increase the insulin-synthesising capacity at maximal glucose stimulation.
Culture with glibenclamide altered the phosphorylation state of the four selected translation factors. As for its effect on basal synthetic activity, these influences also required a longer exposure time to glibenclamide (24 h instead of 1 h; Fig. 1 ). They were maintained during a subsequent 1 h incubation in absence of the drug and in a glucose-free medium ( Fig. 2) . At both time points, phosphorylation of rpS6 and of 4E-BP1 was associated with dephosphorylation of eEF2 and eIF2α (Figs 1, 2) . The 4E-BP1 phosphorylation appeared in the shift of the non-phosphorylated α-band to the highly phosphorylated γ-band (Figs 1b, 2b). In terms of total protein abundance, a rise in rpS6 was measured, but the three others remained unchanged (Fig. 2) . All changes were also seen when the 1 h incubation occurred at 10 mmol/l glucose, except for 4E-BP1 (Fig. 2) .
The glibenclamide concentration used in this study is similar to that of previous in vitro studies [23] [24] [25] . It is, however, significantly higher than that in patients (below 0.4 μmol/l) [26, 27] . We have repeated representative experiments at lower concentrations (0.04 and 0.4 μmol/l) and found similar effects (Fig. 3 ). Culture for 24 h with 0.04 μmol/l glibenclamide increased the subsequent basal protein synthetic activity (Fig. 3a) , phosphorylation of rpS6 and dephosphorylation of eIF2α and eEF2 (Fig. 3b) .
Signalling pathways involved in glibenclamide-induced protein translation The calcium channel blocker verapamil prevented glibenclamide-induced protein and insulin synthesis (Table 1 ) as described previously [3] and blocked glibenclamide-induced phosphorylation of rpS6 and 4E-BP1 (Fig. 4a,b) , as well as glibenclamide-induced dephosphorylation of eEF2 and eIF2α (Fig. 4c,d ). We next examined the involvement of known calcium-driven pathways in the activation of translation factors and the recruitment of beta cells into a sustained protein synthetic activity.
The glibenclamide-induced activation of translation appears to be partly mediated by mTOR, as addition of Purified rat beta cells were cultured for 24 h at 6 mmol/l glucose without or with 4 μmol/l glibenclamide (Glib), which was present during the entire 24 h period or was added during the last 1 h of culture. The abundance of translation factors a p-rpS6, b 4E-BP1, c p-eEF2 and d p-eIF2α was analysed by western blot using specific antibodies (see the Methods). Band intensities (b) of α (white bars), β (grey bars), γ (black bars) were expressed as % of total intensity (α +β + γ); those of a p-rpS6, c p-eEF2 and d p-eIF2α were normalised for the corresponding actin intensity. Data represent means±SEM of three to seven independent experiments. *p<0.05, **p<0.01, for difference from control; p values for 4E-BP1 (b) are for differences between conditions in γ-bands Purified rat beta cells were cultured for 24 h at 6 mmol/l glucose with or without: 4 μmol/l glibenclamide (Glib), 10 μmol/l verapamil, 25 nmol/ l rapamycin, 100 μmol/l PKA inhibitor Rp-8-Br-cAMP, 40 μmol/l MEK inhibitor U0126. Total protein and insulin synthesis was measured during a subsequent 1 h incubation at 0 or 10 mmol/l glucose in absence of these compounds Data represent means±SEM of eleven, six and six independent experiments accordingly a p<0.001, b p<0.05 for differences between conditions with and without glibenclamide at the same glucose concentration c p<0.05, d p<0.01 for differences with and without inhibitor in the presence of glibenclamide and at the same glucose concentration the mTOR inhibitor rapamycin (25 nmol/l) decreased the glibenclamide-induced stimulation of protein and insulin synthesis (Table 1 ) and the associated phosphorylation of rpS6 and 4E-BP1 (Fig. 4a,b) ; it did not, however, affect glibenclamide-induced dephosphorylation of eEF2 and eIF2α (Fig. 4c,d ). The mTOR activation can in part result from a glibenclamide-induced PKB phosphorylation, which was also completely prevented by verapamil (Fig. 4e) , but not by rapamycin. It is unlikely that the mTOR activation is caused by locally released insulin, since 24 h culture of beta cells with 200 nmol/l insulin did not affect the rates of insulin synthesis or the phosphorylation of 4E-BP1 and rpS6 (data not shown). The glibenclamide effects were also counteracted by the PKA inhibitor Rp-8-Br-cAMP. This agent suppressed the rates of protein and insulin synthesis by 50 to 60% (Table 1) and partially prevented phosphorylation of rpS6 and 4E-BP1 (Fig. 5a,b) , as well as dephosphorylation of eEF2 (Fig. 5c ). Since the PKA inhibitor also inhibited glibenclamide-induced PKB activation (Fig. 5e) , the influence of PKA on glibenclamide-induced translation appears at least in part to be mediated through PKB and mTOR activation. The existence of an mTOR-independent PKA effect is supported by the fact that glibenclamide-induced insulin synthesis was only partially inhibited by an mTOR or a PKA inhibitor (by 56±3 and 62±6% respectively; Table 1 ), whereas a stronger suppression was seen when both inhibitors were combined (86±1% reduction). It was nevertheless noticed that in the presence of both inhibitors, glibenclamide-induced insulin synthesis still produced twofold more insulin than in control cells, suggesting the involvement of yet another pathway. PKC does not appear to be involved, since its inhibitor, GF109203X, had no effect on glibenclamide-induced protein synthesis (data not shown). This is also consistent with the observation that 24 h culture with glibenclamide did not influence phosphorylation of calcium-dependent PKCs (data not shown).
MEK/ERK signalling may qualify as an additional calcium-dependent pathway. Addition of the MEK-inhibitor U0126 (40 μmol/l) caused a 30 to 35% inhibition of glibenclamide-induced protein and insulin synthesis (Table 1) , an effect that was additive to that of rapamycin and the PKA inhibitor (data not shown). However, the U0126-induced inhibition was not associated with an inhibition of the glibenclamide-induced phosphorylation of rpS6 and 4E-BP1 or dephosphorylation of eEF2 and eIF-2α (Fig. 6d) . It was Fig. 2 Abundance and phosphorylation of translation factors following 24 h culture with glibenclamide. Purified rat beta cells were cultured for 24 h at 6 mmol/l glucose without (Control) or with 4 μmol/l glibenclamide (Glib), followed by a 1 h incubation at 0 (G0) or 10 (G10) mmol/l glucose without the compounds of pretreatment. The abundance of translation factors a rpS6, b 4E-BP1, c eEF2 and d eIF2α was analysed as described for Fig. 1 . Data represent means± SEM of three or four independent experiments. *p<0.05, **p<0.01, for differences between conditions with or without Glib at the same glucose concentration; † p<0.05, † † p<0.01 for difference with or without 10 mmol/l glucose in absence or presence of Glib; p values for 4E-BP1 (b) are for differences between conditions in γ-bands noticed that glibenclamide for 24 h increased the phosphorylation of ERK-1 and ERK-2 twofold (Fig. 6a-c) , an effect that was completely blocked by verapamil (Fig. 6a-c) . The MEK-inhibitor U0126 (40 μmol/l) reduced phospho-ERKs irrespective of the presence of glibenclamide (70±14 and 60± 10% inhibition of ERK-1 and ERK-2 in the absence of glibenclamide respectively versus 51±17 and 40±12% in its presence; n=4; Fig. 6a-c) and was therefore considered to suppress constitutively phosphorylated ERKs rather than glibenclamide-induced phosphorylation. The latter was also not blocked by another MEK inhibitor, PD98059 (data not shown).
Intercellular differences in translation activation form the basis for functional heterogeneity in the pancreatic beta cell population An antibody to the phosphorylated form of rpS6 was used to investigate whether the glibenclamideinduced activation of translation factors could be detected by immunocytochemistry and whether it also occurred in a beta cell subpopulation, similar to the previously reported recruitment of cells into an elevated biosynthetic activity. Phospho-rpS6-positive cells were detectable after 24 h culture with glibenclamide and clearly corresponded to a subpopulation (38±2% strongly positive cells) that was more than fourfold smaller in the control condition (8±1%, p<0.001, n=5; Fig. 7a ). The glibenclamide-induced increase in the number of phospho-rpS6-positive cells was completely blocked by addition of verapamil (9±1%) or of rapamycin (7±1%; Fig. 7a ). Double staining for phosphorpS6 and insulin indicated that the phospho-rpS6-positive cells corresponded to beta cells with lower fluorescence intensity for insulin (Fig. 7b,c) and thus to the more degranulated cells that were previously identified as those exhibiting a glibenclamide-induced functional activation.
Discussion
Sulfonylureas have been used for decades in the treatment of diabetes. Their hypoglycaemic action is attributed to a stimulation of insulin release that rapidly follows the drug's binding to a surface membrane receptor and a subsequent rise in cytoplasmic free calcium concentration [28, 29] . We recently reported that glibenclamide, a second-generation sulfonylurea, also exerts a stimulatory effect on insulin synthesis when present over a prolonged period, i.e. beyond 8 h [3] . Culture with the drug as well as in vivo treatment recruited a subpopulation of beta cells into an elevated and sustained protein synthetic activity. This effect was also calcium-dependent but appeared to involve a translational activity [3] . The present study now shows that glibenclamide activates translation at the steps of initiation and elongation, as evidenced by 4E-BP1 and rpS6 phosphorylation, and eIF2α and eEF2 dephosphorylation. Furthermore, the rise in total rpS6 is indicative of an associated increase in ribosome biogenesis. These effects can explain the glibenclamide-induced elevation in the beta cell synthetic activity following prolonged exposure, which is supported by the following evidence. First, the (de)phosphorylation of translation factors followed a similar time course as the increased protein synthetic activity. Second, the translation activation was maintained during subsequent incubations in absence of the drug, as was also the case for the protein synthetic activity. Third, the increased translational activity was located in a subpopulation of beta cells, more particularly those with lower insulin content that represented the cells with increased functional responses. By identifying this subpopulation under the microscope, the immunostaining for phospho-rpS6 not only supported the concept of a functional heterogeneity in the beta cell population, but also provided evidence that intercellular differences in functional responses can be caused by differences in the state of activation of translation factors. Since the translational activity was shown to be regulated by chronic or sustained influences, it can be concluded that signs of functional heterogeneity during an acute stimulation may well reflect influences of a chronic nature, which have prevailed in prior days. It is known that prolonged exposure to glibenclamide maintains high intracellular calcium levels [30] . Several calcium dependent signalling pathways appear now to be responsible for activation of translation and subsequent protein synthesis in beta cells under sustained glibenclamide influence. They were identified by examining the effects of pathway inhibitors on both functions. Partial suppression was observed in the presence of the mTOR inhibitor rapamycin, the PKA inhibitor Rp-8-Br-cAMP and the MEK inhibitor U0126. None of these inhibitors completely blocked the glibenclamide effects, as the calcium channel blocker verapamil did, but a combination of two compounds was additive, which is indicative of a regulation through more than one pathway. This diversity allows integration of signals from multiple extracellular regulators into a balanced activation of various translational operators and an adaptation of the protein synthetic activity.
The higher insulin synthesis by beta cells following prolonged exposure to glibenclamide was partially achieved through an mTOR-stimulated activation of the translational regulators 4E-BP1 and rpS6. The phosphorylation of both proteins was completely suppressed by the mTOR inhibitor rapamycin, resulting in partial inhibition of protein synthesis. As in other cell types and experimental conditions, the glibenclamide activation of mTOR can be explained by the rise in intracellular calcium [31, 32] , which acts through phosphorylation of PKB [33] and activation of PKA [8] or an as yet undefined intermediate. Glibenclamide induced phosphorylation of PKB, a well-known upstream kinase of mTOR [10, 34, 35] ; this effect was not influenced by rapamycin, but was completely abolished by verapamil and the PKA inhibitor. It was, however, noticed that the PKA inhibitor only partially suppressed phosphorylation of 4E-BP1 and rpS6, while rapamycin and verapamil caused complete suppression. The PKA-mediated PKB phosphorylation is therefore not the sole activating pathway of mTOR in glibenclamide-treated beta cells, supporting the co-existence of a calcium-dependent and PKB-independent activation of mTOR.
Glibenclamide-induced protein translation also appears to be stimulated through mTOR-independent but calciumdependent pathways involving dephosphorylation of the initiation factor eIF2α and the elongation factor eEF2. An mTOR independency of eIF2α (de)phosphorylation has been noticed in other cells [36, 37] . The glibenclamideinduced dephosphorylation of eEF2 was almost completely prevented by the PKA inhibitor, indicating the existence of an additional way in which PKA stimulates translation. In other cell types and conditions, calcium and PKA were reported to exert different effects, i.e. activation of eEF2 kinase and inactivation eEF2, thus switching off elongation [15, [38] [39] [40] . This is not necessarily a discrepancy, as it may be related to the respective specificities in the functional regulation of cells. In beta cells, the translational activation following a sustained rise in calcium and PKA is functionally relevant, as it should compensate for the sustained increase in insulin release under this condition [41] [42] [43] .
Our data suggest a role for (an) as yet unidentified translation factor(s) in glibenclamide-induced translation activation, in addition to 4E-BP1, rpS6, eIF2α and eEF2. Indeed, incubations with the MEK inhibitor U0126 reduced glibenclamide-induced protein synthesis by 35%, without affecting the (de)phosphorylation of these four proteins. It has been reported that the activation of ERKs, which are the downstream targets of MEK, activates MAP kinase signalintegrating kinases (MNKs) and consequently induce phosphorylation of eIF4E [44] and translation [45] . Here, we did not find evidence for this pathway, since the glibenclamide-induced ERK phosphorylation was unaffected by the MEK inhibitors U0126 and PD98059.
Based on the present observations, we propose a model for glibenclamide-induced translation activation (Fig. 8) . The sustained elevation in intracellular calcium is expected to activate mTOR signalling via PKA/PKB-dependent andindependent pathways, thus leading to phosphorylation of 4E-BP1, which promotes cap-dependent translation initiation [13, 16] , and of rpS6, which increases ribosomal biogenesis [14] . In addition, the calcium induced PKA signalling will lead to eEF2-dephosphorylation, thus facilitating peptide chain elongation [15, 38] . The rise in calcium will also increase translation initiation by dephosphorylating eIF2α [11, 16] through mTOR-and PKAindependent pathways. It is still unclear how translation could be activated through MEK signalling.
So far, translational control of insulin synthesis has been primarily demonstrated and investigated for agents that exert an acute stimulation on the rate of hormone pro- Insulin intensity p-rpS6 intensity c a b Fig. 7 Effects of glibenclamide on abundance of phospho-rpS6 in individual beta cells. a Purified single rat beta cells were cultured for 24 h at 6 mmol/l glucose without (Control) or with 4 μmol/ l glibenclamide (Glib), in absence (NO) or presence of 10 μmol/ l verapamil (Verap) or of 25 nmol/l rapamycin (Rapa). By the end of culture, cells were stained with anti-phospho-rpS6 antibody (p-rpS6, red) and Hoechst33342 (blue). Images are representative of five independent experiments. b Cells treated for 24 h with glibenclamide were stained with p-rpS6 (red) and insulin antibodies (INS, green) and Hoeschst (blue). Individual cells were plotted for the intensity of their p-rpS6-and insulin-staining as analysed by the BD pathway bioimager. The scatter plot (c) shows that the p-rpS6-positive cells correspond to beta cells with lower insulin content. The panel is representative of three independent experiments duction such as glucose and exendin 4 [12, [46] [47] [48] . This effect accompanies their acute glucose-dependent stimulation of insulin release and can therefore help sustain cellular insulin reserves. The present study demonstrates that translation can also be activated following prolonged exposure to glibenclamide, an insulin secretagogue with rapid effects on insulin release but not synthesis [3, 48, 49] . This activation was induced during culture at 6 mmol/l glucose and results in an elevated basal rate of insulin synthesis that is independent of glucose, as is the glibenclamideinduced insulin release [50] . It might therefore be relevant to in vivo conditions, where this agent is used to generate a sustained elevation of circulating insulin, possibly increasing the risk of hypoglycaemic episodes in patients treated with this drug.
In conclusion, prolonged exposure of pancreatic beta cells to the insulin secretagogue glibenclamide activates translation initiation and elongation factors and thus the basal rates of insulin synthesis. This chronic effect of the sulfonylurea drug is calcium-dependent and mediated through the mTOR, PKA and MEK pathways. In the rat beta cell populations studied here this effect was predominantly achieved in the subpopulation of beta cells that have been degranulated by the agent.
